A study on the excretion dynamics of urea nitrogen (NU) in endogenous urinary nitrogen (EUN) was carried out on 350 male Wistar rats in 14 age groups (k = 14), ranging from 23 to 273 days, with an average body mass (SB) from 39 to 446 grams. The rats in each k -group were randomly assigned to one of five subgroups, differing in the duration of the protein -free diet (PFD) feeding, t = 3, 6,9,12 and 16 days. Urine for EUN and NU determination was collected during the entire experiment.
INTRODUCTION
Urea is the main protein metabolite excreted in the urine of ureotelic animals. Ashida and Harper (1961) , as well as Schimke (1962a) demonstrated that the amount of urea excreted in the urine of rats was a linear function of the dietary protein level and its biological value. Schimke (1962a) also found that the level of urea cycle enzymes in the liver increased linearly as the amount of dietary protein increased. This fact is reflected in the amount of urea excreted in the urine and its proportion in total-N which, in extreme cases, can even reach 98%. The urea in urine from animals fed protein-containing diets is derived from two sources, urea from deamination of ingested protein and urea from catabolism of endogenous proteins. In nutritional studies, endogenous urea has been determined rarely, usually only once, during the so called period of stabilized urinary nitrogen excretion in humans and animals given a protein-free diet (Smith, 1926; Kiriyama and Ashida, 1964; Berdanier et al., 1967; Calloway and Margen, 1971; Uauy et al., 1982) .
Due to the lack of data in the relevant literature on the excretion dynamics of endogenous urea as influenced by either the age of the animal or duration of feeding a protein-free diet, we carried out this study aimed at ascertaining the effects of both of these factors on the quantitative relation between excretion of urea-N and total-N in urine as well as between the excretion of urea-N and body mass of rats in which total urinary N and body mass were a function of age and duration of feeding protein-free diet.
MATERIAL AND METHODS
The experiments were carried out on 350 male Wistar rats assigned to 14 age groups (k = 14) from 23 to 275 days, with an average body mass of 39 to 446 g, respectively ( Table 1 ). The rats were fed a protein-free diet to appetite for periods (t) of 3, 6,9, 12 or 16 days. Details of the experiment are given in previous papers: characteristics of the rats and composition of the protein-free diet (PFD) are given by B^za (1986) ; urine collection and total urinary-N content (EUN) by B$za (1987) . Urea and EUN were determined using Brown's method (1959) in urine collected individually from each rat in successive periods of feeding the PFD.
The proportion of urea-N (NU) in urinary EUN of each rat after 3, 6, 9, 12 and 16 days of feeding the PFD was determined statistically using the linear regression model, log y = a + blogx, and the multiple linear regression model, logy = b 0 + b x log x x + b 2 log x 2 for the relationship NU (EUN, t) and for the relationship NU d (SB d , d) , i.e. the daily urea-N excretion (NU d ) as a function of body mass (SB d ) and the day of PFD feeding (d).
TABLE 1
The endogenous urea nitrogen (NU) content in endogenous urinary nitrogen (EUN) excreted by male rats of different age fed on a protein-free diet (PFD); n = 25 in each group R. B^ZA ET AL. Bifactorial analysis of variance was used to evaluate the significance of the effect of rat age (k) and duration of the PFD feeding (t) as well as the interaction, kt, on the proportion of NU in EUN. Statistical analysis was carried out according to Bliss (1967 Bliss ( , 1970 .
RESULTS
The NU content (mg) and percentage of NU in urinary EUN, expressed as means SD ± (calculated from 5 rats) during the five periods of feeding the PFD in the 14 age groups of rats, are presented in Table 1 .
The coefficients of variation (CV%), calculated for mean NU (mg) did not change with age. The mean CV's% from the 14 age groups were 11.8%, 12.5%, 12.1%, 13.2% and 12.7%, fort = 3,6,9, 12 and 16 days, respectively. The mean NU percentage (Table 1) indicates that the proportion of NU in urinary EUN of rats increased more or less regulary in all of the periods of feeding the PFD up to 62 days of age; the mean %NU (for 5 periods) increased from 39.4% in 23-day-old rats to 64.5% in 62-day-old animals. With increasing age in older rats, the %NU decreased in an irregular manner to, on average, a value of 61.5%.
As the duration of feeding the PFD increased, the %NU in EUN dropped in a rather regular manner in the 7 youngest groups (29, 35, 39, 42, 52, 98 and 125-days-old) . In the remaining seven age groups, changes in %NU (during feeding the PFD), can be classified as random. A well-defined drop in the %NU occurred in almost all of the age groups between the 3-and 16-day periods of feeding. The difference between the mean %NU's (from 14 age groups) for these extreme periods amounted to about 7%.
Bifactorial analysis of variance, computed on the individual results of the studied rats (n = 350), showed that the age of the rats (k), the duration of the PFD (t) and interaction of k • t had a significant influence (P < 0.01) on the %NU in EUN. The F-tests were: for variability k Fe = 86.33 > 2.28 at nx = 13, n2 = 280, for variability t Fe = 23.27 > 3.41 at n, = 4, n2 = 280, and variability k • t Fe = 3.79 > 1.62 at = 52, n2 = 280.
The relationship NU (EUN) in the urine of rats of different ages in successive periods of feeding the PFD, describe the regression equations presented in the Table 2 . Analysis of variance in regression showed thad the bt coefficients did not differ significantly among t periods (P > 0.05), but that the at coefficients did (P < 0.01) and decreased with the duration of PFD feeding. The D% coefficients (r 2 • 100), which ranged from 95.3 to 97.9%, indicate how strongly the variability of NU was related to the variability of excreted EUN. The calculated slope, common for feeding periods from 3 to 16 days, bc = 1.187 (±0.012) > 1** Relationship between endogenous urea nitrogen (NU) and urinary nitrogen (EUN) excretion by male rats fed on a protein-free diet; log y = a -f b log x; y = NU; x = EUN (NU and EUN in mg); n = 70 im eael group R. B^ZA ET AL. indicates that the rate of NU excretion increased not linearly when the excretion of urinary EUN rose with the age of rats. The amount of excreted NU (mg) decreased significantly (P < 0.05), however, when EUN excretion increased during feeding the PFD.
Excretion of NU as a function of two variables, EUN and t, can be equally well described by the multiple regression equation: logNU = -0.5688 + 1.1866 (±0.0123) log EUN -0.1854 (±0.0189) log t,
where: NU and EUN are expressed in mg, t in days; SE = 0.0766; rx = 0.978**; r2 = -0.417**;R = 0.983**;ttestb1 = 96.47**; t test b2 = 9.81**;b; = 1.0345; b2' = -0.1136.
The equation (1) allows to make a close estimation of the amount of excreted NU after a freely chosen time of feeding the PFD, up to 16 days.
The relationship NU (t). Equations describing this relationship were calculated for each of the 14 age groups (k) using logarithms of means (Table 3).   TABLE 3 Relationship between endogenous urea nitrogen (NU) in urine and duration of protein-free diet feeding (t) in male rats of different age, calculated on mean values according to: log y = a + blog x; (y = NU in mg; x = t = 3, 6, 9, 12, 16 days); n of means = = 5 in each group 
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Variance analysis in regression shows that the coefficients bk and constants ak differed (P < 0.05) among the age groups. The D% equalled 87.3 to 99.5%. It was found that coefficients bk were neither linearly nor curvilinearly significantly correlated with either rat age (r = -0.396; R = 0.420) or initial body mass (r = = -0.307; R = 0.473). However, constants Ak (Ak = d log ak) were found to be significantly correlated linearly with the age (r = 0.614*) and initial body mass of rats (r = 0.827**). Using the derivative of function from equation in Table 3 , the daily urea excretion ^ on days 1, 3, 6, 9, 12 and 15 of feeding the PFD were calculated.
^ ^ The obtained amount of excreted NUd and body mass (SBd), taken from the work of B^za (1986a) for the same rats, are presented in Table 4 . The relative NUd excretion, expressed as a percentage of excreted NUj and relative EUNd excretion on the same days of the PFD feeding (taken from the paper of B^za, 1987) , are presented in Figure 1 . It can be seen that both curves fall almost in parallel. NUd excretion decreased mostly to day 6, reaching approximately 60% of NUj excretion. On subsequent days of the PFD feeding, NUd excretion decreased at a much slower rate, equalling about 47% NUX on day 15. The relationship NUd (SBd) was calculated on the basis of the values presented in Table 4 after logarithmic transformation. The regression equations calculated for days 1, 3, 6, 9, 12 and 15 of the PFD feeding along are presented in Table 5 . Statistical comparison of the slope ratios shows that the bd coefficients did not differ significantly, and the common coefficient bc for d from 1 to 15 equalled 1.0328 (±0.0421) did not differ significantly from 1. This permits the Daily endogenous urea nitrogen (NUd) excretion in urine and shrunk body mass (SBd) of male rats of different age fed on a protein-free diet (NUd, mg; SBd, g)
Day of protein-free diet feeding (d)
Age oi rats, 10 R. B^ZA ET AL. conclusion that the rate of NUd excretion in relation to body mass, which increases with age, was constant within the limits of error, regardless of the duration of the PFD feeding. The amount of excreted NUd, however, decreased from 224.4 mg • SB^1 -033 on the first day to 1167 mg x SB(kg) 1 -033 on day 15 of the PFD feeding, i.e. it decreased to about 52% of NUr However, the greatest drop in NUd excretion occurred by day 3 to 77% and by day 6 to 65% of NUr
The daily excretion of urea-N, as a function of two variables SBd and d, are equally well described by the multiple linear regression equation:
log NUd = 2.353 + 1.033 (±0.029) log SBd -0.242 (±0.027) log d (2) where: NUd is expressed in mg; SBd in kg; d -day 1 to 15 on the PFD; SE -0.0952; vl = 0.940**; r2 --0.308**; R -0.972**; t test for bx = 35.13***; t test for b2 -9.33***; b; -0.924; b2' = -0.095.
Both this equation (2) and the equations given in Table 5 show that, in the presented experiments, the principle factor affecting decreased NUd excretion/kg SBd 1 033 was the duration of feeding the PFD.
DISCUSSION
In studies on the metabolism of endogenous protein in humans and animals fed on protein-free diet, total urinary-N per unit of total or metabolic body mass was predominantly determined. However, the excretion of nitrogenous compounds, i.e. protein metabolites, in urine has not been examined in detail.
The results of the experiment presented in this study deal with the excretion of urea-N (NU), the main component of endogenous urinary nitrogen (EUN). They showed that NU excretion was highly correlated with EUN excretion, rat body mass (SB) and duration of feeding PFD for a period of up to 16 days. From the equations describing relationship NU (EUN, t) ( Table 2 ) and from equation (1) it can be concluded that the rate of NU excretion increased significantly in a nonlinear manner (bc -1.187 > 1.187 > 1**), when EUN excretion increased with the age of the rats, in all of the periods of feeding the PFD.
The equations describing the relationship NU (SBd, d) (Table 5 ) and equation (2) show that the rate of urea-N excretion (NUd), regardless of the day of the PFD feeding, was constant within limits of error (bc = 1.033 > 1, non significant), when SBX increased with the age of the rats. In addition, equations (1) and (2) show that the rate of NU and NUd excretion decreased significantly during feeding the PFD, according to b2 *= -0.185 and b2 = = -0.242, respectively.
The nonlinear course of the relationship NU (EUN, t) suggests a nonlinear increase the NU concentration in EUN with age and a nonlinear decrease of %NU during feeding the PFD; %NU, computed using equation (1) increased NITROGEN METABOLISM IN RATS ON A PROTEIN-FREE DIET 11 over all of the periods of feeding the PFD, from an average 44% in 23-day-old rats to about 62% in 98-day-old rats. The %NU in the older animals increased slightly, reaching 64% in 275-day-old rats. Both, the mean percentages of NU, calculated using equation (1) and those obtained directly from experimental values, in spite of some differences between them, unequivocally indicate that the concentration of NU in EUN increased significantly with age only in young rats.
Significantly smaller changes in %NU in EUN occurred during feeding the PFD. In spite of the fact that in equation (1) b2 = -0.1854 indicates that the ratio of NU to EUN steadily decreases with PFD feeding duration a distinct difference in %NU occurred only between the 3-and 16-day periods of feeding the PFD. A similar direction of change is indicated by the changes in mean %NU in Table ( 1) These results suggest that in the shorter periods of feeding the PFD, changes in the %NU in EUN can be unnoticeable. The results obtained by Kiriyama and Ashida (1964) also indicate a tendency towards increasing the %NU in EUN with age from 21 to 158 days in rats fed a protein-free diet.
The increased concentration of NU in EUN with age suggests that the rate of endogenous urea synthesis increases with age also. However, when NUd and EUNd excretion were related to SBd, i.e. to body mass, that also increases with age, showed that the excretion rate of NU/kg SB was relatively stable (bc = = 1.033 > 1 insignificant) while the rate of EUN excretion, EUN/kg SB, in the same rats decreased in accordance with bc == 0.872 < 1** (Beza, 1987) . This indicates that the increasing with age the excretion of NU per unit of excreted EUN, thus the increased concentration of NU in EUN with age, was caused by the decreasing excretion of EUN with age, and was not related to increased urea synthesis with age.
From the relationship NUd (SBd, d) it can also be concluded that the rate of endogenous NU excretion is determined for the most part by body mass, while the amount of NU excreted per unit SB was determined, in these experiment, by the duration of the PFD feeding; excretion of NUd decreased from 224.4 mg/kg SBd ! 033 on day 1 to 116.7 mg/kg SB^ 033 on day 15 of the PFD feeding. In a study by Kendall et al. (1982) carried out on adult dogs fed a protein-free diet, whose body mass increased form about 3 to 51 kg, the relationship between NU and EUN was found to be linear, since the daily EUN/kg W 0 -75 excretion was constant.
Both Schimke (1962b) and Nakano et al. (1972) found that the decrease in urea excretion in the urine of rats fed a protein-free diet was caused by the decrease in the amount and activity of urea cycle enzymes in the liver, as well as by the decreased activity of enzymes degrading amino acids due to a fall in the hepatic c-AMP level.
The steepest decline in urea excretion in the urine of rats, as compared with day 0, when a diet containing 15% casein was provided, was found by Schimke 12 R. B^ZA ET AL. (1962b) on the fourth day of feeding a PFD (75%, while on day 7 it rose to only 79%).
In our experiment, urinary NU excretion in rats of different ages fell, in comparison with the first day of feeding the PFD, by an average of 25%, 40% and 53% on days 3, 6 and 15, respectively. Such significant differences in the reduction of NU excretion between our and Schimke experiments are the effects of the high level of urea derived from the catabolism of casein provided on day 0 in Schimke's experiment. The sharp decrease in urea excretion on day 4 of feeding the PFD indicates, according to Schimke, the rapid adaptation of urea cycle enzymes to altered nutritional conditions. The decrease in NU excretion on the first day of feeding the PFD in our study can be attributed to the depletion of the more labile proteins, whose catabolic rate, as estimated by Kandatsu (1968, 1973) , was above one hundred times higher than of less labile proteins. It was calculated (B?za, 1992 ) that the more labile proteins were almost completely catabolized within the first 3 days of feeding the PFD. This suggests that the NUd calculated from equation (2) and, on day 4, equal to 160.4 mg/kg SBj 1 033 , represents urea-N derived only from less labile proteins.
In summary, it can be said that endogenous NUd excretion can be best and with a high degree of accuracy estimated from equation (2) which describes NUd as a function of (SBd and d), because determining SBd is easier than determining EUNd in urine. Once the value of NUd, excreted on a specified day between days 1 and 15 on PFD, is known, the amount of NUd derived from deamination of dietary protein, provided at maintenance or higher levels, can be calculated from the difference:
NUd deamination = total NUd -endogenous NUd for rats of the same SBd at which the endogenous NUd was determined. The ratio of NUd from deamination to endogenous NUd can be an indicator also used as an index of the biological value of provided dietary protein.
